Background The risk of early complications is high after monoblock acetabular metal-on-metal (MoM) THA revisions. However, there is a paucity of evidence regarding clinical complications after isolated head-liner exchange of modular MoM THA. Questions/purposes The purposes of this study were (1) to describe the frequency of early complications after an isolated head-liner exchange revision of modular MoM THA; and (2) to determine whether patients who experienced complications or dislocation after head-liner exchanges had higher serum chromium (Cr) or cobalt (Co) ion levels than those who did not. Methods A review of our institution's total joint registry retrospectively identified 53 patients who underwent 54 liner exchange revisions of a modular acetabular MoM THA. The study period was from April 2008 to April 2016 at a single tertiary care center. During this period, isolated head-liner exchanges (rather than more extensive revisions) were
performed in patients if they did not have evidence of loosening of the acetabular or femoral components. Reasons for revision surgery included pain, mechanical symptoms, radiographic evidence of osteolysis, elevated serum metal ions, and MRI abnormalities with 40 of the 54 hips having pain or mechanical symptoms and 38 of 54 hips having multiple reasons for revision before surgery. Patients were excluded if they did not meet the minimum postrevision followup or had the modular liner exchange secondary to infection. All revisions were from a single manufacturer with one head-liner exchange of a MoM THA from another manufacturer excluded during the study period. The mean time from index MoM THA to modular exchange was 96 (SD 6 36) months. Because the focus of this study was early complications, we had a minimum 90-day followup duration for inclusion. Mean followup after revision was 15 months (SD 6 12); a total of 56% (30 of 54) had followup of at least 12 months' duration. Complications (dislocation, infection) and reoperations were obtained by chart review performed by individuals other than the treating physician(s). Serum metal ion levels were obtained before head-liner exchange. The median serum Cr and Co levels were 6 mg/L (range, 0-76 mg/L) and 12 mg/L (range, 0-163 mg/L), respectively. Results Of the 54 revision THAs, 15 (28%) developed complications. Nine (17%) occurred within 90 days of the revision surgery and 11 (20%) resulted in reoperation. The most common complication was dislocation (12 of 54 [22%]) with recurrent dislocation noted in eight of these 12 patients. All patients with recurrent dislocation continued to dislocate and underwent repeat revision. Patients with dislocation had higher median serum Cr and Co ion levels than those without dislocation (Cr: 24 [range, Conclusions Complications and reoperations are common after modular head-liner exchange in the setting of a failed MoM THA. Our study likely underestimates the frequency of complications and revisions because the followup period in this report was relatively short. Dislocation is the most common complication and elevated serum metal ion levels may be a predictor of dislocation. These findings are concerning and surgeons should be aware of the high complication risk associated with this procedure. Level of Evidence Level IV, therapeutic study.
Introduction
Early observations after isolated monoblock acetabular revision surgery of metal-on-metal (MoM) THA suggest a high prevalence of complications and revisions with dislocation and infection being the two that are most commonly reported [14, 15, 17, 19, 21, 23] . However, there is a paucity of evidence regarding modular acetabular (head and liner) revision in this patient population [15, 19] .
A recent Medicare database analysis showed a high occurrence of dislocation and infection in patients undergoing an isolated acetabular component revision; however, this study design did not allow for differentiation between modular and full acetabular component revisions [19] . An analysis from the National Joint Registry for England and Wales identified modular acetabular component-only revision (head and liner exchange) as a predictor of rerevision after MoM THA revision surgery [15] . The inherent nature of this registry-based study cannot report data on variables such as serum metal ion levels, which may play a role in complications in patients with MoM articulations [12] . At our institution, we have noted a high risk of complications in patients with a MoM bearing surface undergoing an isolated modular head-liner exchange.
We therefore sought to determine (1) the frequency of early complications after an isolated head-liner exchange revision of modular MoM THA; and (2) whether patients who experienced major complications or dislocation after head-liner exchanges had higher serum chromium (Cr) or cobalt (Co) ion levels than those who did not.
Patients and Methods
Our institutional review board approved this retrospective study. We utilized our institution's longitudinally maintained total joint registry to identify all patients undergoing revision of a MoM THA. The study period was from April 2008 to April 2016. We included all patients who had revision of a MoM THA with a modular acetabular component from a single manufacturer. This acetabular component can accept a metal, ceramic, or polyethylene insert. Patients were excluded if they did not meet the minimum postrevision followup of 90 days or had the modular liner exchange secondary to infection. One head-liner exchange of a MoM THA from another manufacturer was excluded during the study period. We excluded this patient because the modularity options differed for the acetabular component in this patient and this did not allow for comparison given the disparity in number of patients between the two groups. After exclusion, this left 54 revision procedures performed at a single tertiary care center by six fellowship-trained arthroplasty surgeons in 53 patients. Because the focus of this study was early complications, we chose a minimum 90-day followup duration for inclusion in this study. Mean followup after revision was 15 (SD 6 12) months; a total of 56% (30 of 54) had followup of at least 12 months' duration. No patient in this study was lost to followup.
The mean time from index MoM THA to modular exchange was 96 (SD 6 36) months. Forty-eight percent of In general, revision surgery was performed based on a constellation of findings, including patient symptoms (pain or mechanical symptoms), radiographic findings, metal ion levels, and metal artifact reduction sequence MRI in the absence of another clear diagnosis. Reasons for revision surgery included pain, mechanical symptoms, radiographic evidence of osteolysis, elevated serum metal ions, and MRI abnormalities with 40 of the 54 hips having pain or mechanical symptoms and 38 of 54 hips having multiple reasons for revision before surgery (Table 2) . During this period, isolated head-liner exchanges (rather than more extensive revisions) were performed in patients if they did not have evidence of loosening of the acetabular or femoral components.
Serum metal ion analysis samples were collected, stored (certified metal-free transfer tubes), and transported according to laboratory guidance. Analysis was performed at an accredited laboratory (LabCorp, Burlington, NC, USA) with expertise in trace metal element analysis. The serum Co and Cr ions were utilized to determine whether patients who experienced complications or dislocation after head-liner exchanges differed from those who did not. The median serum Cr and Co levels preoperatively were 6 mg/L (range, 0-76 mg/L) and 12 mg/L (range, 0-163 mg/L), respectively. Twenty-two patients had elevated (> 7 mg/L) Cr and 25 patients had elevated Co levels preoperatively.
Preoperative radiographic imaging (AP pelvis, AP and lateral hip views) were critically assessed for loosening, component migration or subsidence, and osteolysis on the femoral and acetabular components. An isolated head-liner exchange was considered preoperatively in patients without evidence of acetabular or femoral failure in the setting of a well-positioned acetabular component. Intraoperatively, acetabular and femoral components were examined for signs indicative of revision (loosening, subsidence) before proceeding with an isolated head-liner exchange. Specifically, the acetabular component was inspected for damage such as fretting or corrosion and/or inadequate function of the locking mechanism. In this cohort, there were no patients with documented indications for full revision of their acetabular component.
Complications (dislocation, infection) and reoperations were obtained by chart and our institution's registry review with individuals other than the treating physician(s). In patients who experienced a dislocation, conservative interventions such as physical therapy, bracing, and/or strict hip precautions were used at the discretion of the surgeon. In general, patients returned to the clinic for evaluation at 2 weeks, 6 weeks, 3 months, 1 year, and 2 and 5 years. Radiographic followup was performed at 6 weeks, 1 year, 2 years, and 5 years.
Descriptive statistics were calculated to derive means and SDs for data that were normally distributed as well as medians and ranges for data that were not normally distributed. We also used descriptive statistics to find proportions for the categorical variables used in the article. Comparisons of group sample distributions, dislocation versus no dislocation, were evaluated with Mood's median test for significance between groups as a result of nonparametric data. Differences were considered to be significant at p < 0.05. Minitab Version 17 (State College, PA, USA) was used for all statistical analysis. We were unable to perform a multivariate analysis secondary to our small sample size.
Results

Postoperative Complications
A total of 15 of 54 (28%) complications occurred, including 12 of 54 (22%) patients with dislocation and three of 54 with deep infection (6%). The median time between revision surgery and complication was 2 months (range, 0-27 months). Nine of 54 (17%) procedures involved at least one early (within 90 days of surgery) complication. Of the 12 patients with postoperative dislocation, seven of the 12 occurred within 90 days of revision with a mean time of 23 (SD 6 19) days. Five of the 12 occurred > 90 days postrevision with a mean time of 275 (SD 6 298) days. Eight of the 12 patients had recurrent dislocation with all undergoing a reoperation (Table 3) .
Eleven of the 54 (20%) patients had a reoperation (Table 4) . Eight of these 11 reoperations were secondary to dislocation and included three face-changing liner exchanges; two acetabular component revisions; one head-liner exchange with advancement and repair of the abductors; one conversion to a constraint liner; and one open reduction with internal fixation of a trochanteric hip fracture with a head-liner exchange. Three of the 11 reoperations were secondary to deep infection and included one irrigation and débridement with a head-liner exchange; one irrigation and débridement with an explant and two-stage revision; and one evacuation of an infected hematoma.
Serum Cobalt and Chromium Levels
Median serum Cr levels were higher among patients who developed complications ( Table 5 ).
Discussion
MoM THAs have experienced a higher risk of revision than THAs using metal-on-polyethylene bearing couples, and the causes for revisions in MoM THAs have differed from those previously observed in THAs using conventional bearing surfaces [2, 3, 5-9, 12, 16, 20, 22] . Research at short-term followup has identified a high risk of early complications in monoblock acetabular component revisions in patients with MoM THAs [21] . The risk of complications after an isolated modular MoM head-liner revision appears greater than it is among patients undergoing acetabular-only or all-component revision (acetabular and femoral), and modular liner exchange revision for MoM THA is associated with a higher risk of rerevision surgery in these patients [15] . We report an alarmingly high risk of complications, dislocations, and reoperations in patients with a modular head-liner exchange revision MoM THA at short-term followup. Additionally, the serum Cr and Co ion levels were elevated in patients who experienced dislocation compared with those who did not. To our knowledge, this is the first study examining serum metal ion levels and its potential association with complications and dislocations in patients undergoing an isolated modular head-liner exchange in a MoM THA. Our study is not without limitations. Transfer bias is a concern, because our followup is insufficiently long and complete to be sure all of the outcomes of interest have been captured. None of the patients in this study were lost to followup before 90 days; however, only 56% (30 of 54) had followup of at least 12 months' duration. The actual proportion of patients with complications and dislocations therefore is likely higher than what we report. Additional followup would likely cause us to uncover a greater variety of postrevision complications as well. Although longer followup would be preferable, we feel the percentage of early complications in this cohort justifies immediate presentation of these results. A study about isolated MoM monoblock acetabular THA revisions recently found a similarly high risk of complications [21] . We concede that a selection bias may also exist because the diagnosis and reason for revision were not uniform in the patients who we evaluated here. Additionally, we did not document trunnionosis, which has now been identified as a cause for revision in metal-on-polyethylene and MoM bearing surfaces [4, 10, 11] . Although this likely would not have changed our findings about the risk of complications in this cohort, there may have been a different reason listed for the primary reason for revision (ie, isolated trunnionosis may have been the reason for revision). Furthermore, there was no histologic examination performed on hip or paraarticular tissues, and we therefore are unable to correlate our findings at the time of surgery with complications like dislocation. All patients were from a single surgical center with six different fellowship-trained arthroplasty surgeons performing the revision surgery, which may create some variability with regard to operative techniques that we are unable to account for in a retrospective design. Our cohort was small and therefore we were unable to perform statistical analysis that accounts for confounding variables with a multivariate analysis. Finally, the current study was underpowered to correlate clinical and demographic factors with complications and revisions that might be studied best in the future through a multicenter study.
We found that 28% of our patients experienced complications, and 20% underwent reoperation. The two most common complications in our cohort were dislocation (12 of 54 [22%]) and infection (three of 54 [6%]). Eight of 12 patients who experienced a dislocation underwent repeat revision. These findings are similar to a recent national registry study reporting dislocation and infection as the two most common reasons for rerevision after modular headliner exchange in patients with MoM THA [15] . Maintaining a well-fixed, well-positioned acetabular component at revision surgery is an attractive option to avoid the reported morbidity of cup removal [21] . However, a recent study identified modular exchange (head-liner) in patients undergoing a revision of MoM THA as a risk factor for rerevision surgery when compared with monoblock acetabular revision or full (acetabular and femoral) revision surgery [15] . Surgeons must be aware that although modular exchanges seem straightforward, complications appear to be disturbingly common after these procedures; we especially caution the reader that our relatively short followup here likely underestimates the magnitude of that risk in these procedures. Further investigation, likely a multicenter study, should focus on demographic and operative (revision approach, types of liners utilized, downsizing of the femoral head, and quantifying the amount of adverse local tissue reaction present) factors associated with adverse outcomes in this patient population. Patients who experienced postoperative dislocation had higher serum Cr and Co levels than those patients whose THA did not dislocate. To our knowledge, no other report has explored the association of elevated serum metal ion levels with postoperative dislocation in patients undergoing revision modular head-liner exchange in a MoM THA. The role of serum metal ions in the diagnosis and its relationship with complications remain controversial in patients with MoM THA [6, 8, 12, 13, 18, 20] . Additionally, corrosion from the trunnion [4, 11] and backside wear of the acetabular liner [1, 5] must be considered in all patients undergoing revision arthroplasty in this patient population as a primary or contributing cause of revision and as potential sources of postoperative complications. Elevated serum Cr and Co ion levels in patients undergoing modular head-liner exchange in MoM THA should alert surgeons to a potentially increased risk of dislocation after surgery. This may cause surgeons to apply a lower threshold for face-changing or constraining liner options. Future studies are needed with larger cohorts, longer durations of followup, and different component manufacturers to determine whether our results are generalizable.
In conclusion, complications and reoperations are common after modular head-liner exchange in patients undergoing revision MoM THA. Our study likely underestimates the frequency of complications and rerevisions because of our short duration of followup. Dislocation is the most common complication and elevated serum metal ion levels may be associated with dislocation. These findings are concerning, and surgeons should be aware of the high complication risk associated with this seemingly straightforward procedure. As revision of MoM THA becomes more common, it will be important to continue monitoring outcomes and further define treatment strategies to decrease complications for these patients. Future studies should determine whether demographic, clinical, technique-related, or laboratory factors (such as metal ion levels) may be most closely tied to complications and adverse outcomes in these patients.
